Differential screening of a mature Brassica campestris pollen cDNA library has identified five cDNA clones that represent transcripts expressed exclusively, or at elevated levels, in pollen. We show here that the expression of one of these, clone Bcpl, is tissue specific and temporally regulated. The gene is activated during microspore development, as detected by in situ hybridization. Expression is enhanced at the time of pollen maturation and during pollen germination. In situ hybridization has also shown that Bcpl is activated in the tapetal cells in early anther development and continues to be expressed until tapetal dissolution. Homologous transcripts are present in pollen of other taxa of Brassicaceae including Arabidopsis, but not in pollen of any other families tested.
INTRODUCTION
Pollen, the male gametophyte of flowering plants, plays a central role in sexual reproduction. This role is in the production and transmission of the sperm cells to the embryo sac for double fertilization. The progenitor of the sperm cells, the generative cell, is present in bicellular pollen at dehiscence. This is a cell within a cell because it is encompassed within the vegetative cell (Knox, 1984) . In bicellular pollen such as tomato, division of the generative cell to form two sperm cells takes place after pollination within the confines of the growing pollen tube. In contrast, formation of the sperm cells occurs simultaneously with maturation of the pollen grain in tricellular types, including Brassica.
Pollen grains have a number of unique structural characteristics, including the outer wall, which is made of sporopollenin, the pollen tube wall, which is lined with a layer of callose (Knox, 1984) , and the structural organization of the sperm cells in a single transmitting unit, the male germ unit (Knox et al., 1988) . 60th pollen types are highly specialized to perform the complex functions of pollination and cell-cell recognition that manifest themselves in self-incompatibility reactions with pistil tissues. To whom correspondence should be addressed.
Considering the key role in the reproductive cycle that is played by the pollen grain and its unique structure and organization, the question arises as to what type of developmentally expressed genes are involved in the successful production of mature, viable pollen grains. Unique mRNAs as well as mRNAs common to sporophytic tissues are expressed during pollen development (Mascarenhas, 1989) , the former comprising only about 10% of the total pollen-expressed transcripts. These are likely to control pollen-specific functions and, consequently, have created a great deal of interest.
Various approaches have been pursued to identify pollen-specific genes that are expressed exclusively or show elevated levels of expression in pollen. The first approach involved the preparation of cDNA libraries from whole anthers and anther-specific clones selected by differential screening with sporophytic RNAs (McCormick et al., 1987; Goldberg, 1988; Nacken et al., 1991) . The specificity within the complex tissues of the anther has been addressed by in situ hybridization (Smith et al., 1987; Ursin et al., 1989; Koltunow et al., 1990) . Smith et al. (1987) and Koltunow et al. (1 990) obtained clones specifically expressed in the tapetal layer of the anther. Ursin et al. (1989) obtained cDNAs expressed in pollen as well as in the endothecial and epidermal layers of the anther wall. In these studies, whole anthers were the source of RNA for the cDNA libraries. Consequently, it is not surprising that most of the clones isolated were not pollen specific, the tapetum and anther wall cells being major components of the anther, and the tapetum is an active secretory tissue (Knox, 1984) .
The second approach to the isolation of pollen-specific clones has involved use of isolated microspores or pollen as the source of RNA (Stinson et al., 1987; Brown and Crouch, 1988) . cDNA libraries were made from mature pollen and pollen-specific clones isolated by differential screening against sporophytic tissues. A variation on this theme was the use of a genomic library and screening with microspore RNA as well as sporophytic tissues of Brassica napus to isolate microspore-specific clones (Albani et al., 1990 (Albani et al., , 1991 .
A third approach involved the use of specific monoclonal antibodies to defined pollen-specific antigens or specific IgE antibodies from allergic humans to select clones encoding allergenic proteins of grass Silvanovich et al., 1991; Singh et al., 1991) and ragweed pollen (Rafnar et al., 1991) . The grass pollen cDNA clones proved to be pollen specific by RNA gel blot analysis.
For a number of reasons, we have selected 6. campestris as an experimental system to identify pollen-specific genes. It is easily cultivated in the greenhouse, and four generations can be obtained per year with the rapid cycling cultivars. Brassica is closely related to the model plant Arabidopsis; its breeding system is also well known, and the molecular biology of pollen-stigma interactions has been well characterized (Nasrallah, 1989) . We have studied the structural biology and physiology of the pollen, characterized the male germ unit (McConchie et al., 1985 (McConchie et al., , 1987 , and identified a mutant plant defective in expression of 0-galactosidase in the pollen Knox, 1984, 1985) .
In this paper, we report the isolation of five cDNA clones from a mature pollen cDNA library that are pollen specific. One clone, designated Bcp1, has been characterized and sequenced. In situ hybridization shows that Bcp1 is expressed in mature pollen grains but also in developing microspores and tapetal cells. This represents a new class of transcript that is not represented in earlier studies. 
RESULTS

Isolation of cDNA Clones Complementary to mRNAs Predominantly Expressed in Pollen
A differential screening procedure has been used to identify and isolate clones representing genes with preferential expression in mature pollen relative to expression in various sporophytic organs. The initial high density screening resulted in isolation of 200 to 250 plaques that showed substantially stronger hybridization to the pollen cDNA probes than to leaf cDNA probes. without anthers, and fruits. Five clones (1 to 5) showed no hybridization with any of the four cDNA probes from sporophytic tissues in the overexposed autoradiograms. Another five clones (6 to 10) showed hybridization with the cDNA probes from different sporophytic tissues as well as pollen. The results of plaque hybridization experiments are summarized in Table 1 , which shows the specificity of expression of the 10 clones in different plant tissues.
Cross-hybridization studies showed that all these clones are likely to represent unique sequences. Clone Bcp1 was chosen for detailed analysis because of its strict pollen specificity and the abundance of mRNA corresponding to this clone in mature pollen. The tissue specificity of Bcp1 gene expression is shown in Figure 1 , using RNA blotting and RNA gel blot analysis. Labeled Bcp1 showed no hybridization to RNA from sporophytic tissues. A transcript of approximately 700 nucleotides from pollen showed strong hybridization to labeled Bcp1.
RNAs Homologous to Bcp1 Are Expressed in Other
Genera of Brassicaceae Figure 2A shows that transcripts hybridizing with Bcp1 cDNA were detected only in pollen of other species of Brassica and other genera in the family Brassicaceae that were tested. The transcripts detected in pollen of the related genus Cheiranthus showed a lower level of expression. Little or no expression was detected using highstringency washing in pollen of the other families of flowering plants tested. Similar results were obtained with both fresh and stored pollen samples. For Arabidopsis, RNA gel blot analysis was carried out with flower bud RNA because of difficulty in isolating enough RNA from pollen only. Figure 2B shows that Arabidopsis flower RNA gave a transcript similar in size to those in the four species of the genus Brassica. Figure 3A shows that the mRNA complementary to Bcp1 was first detected in trace levels in 3-mm buds. This is the early tricellular period when the generative cell mitosis that produces the sperm cells has occurred (Singh et al., 1985) . High levels of expression of Bcp1 RNA were detected in anthers from 5-and 6-mm buds and in mature pollen. Figure 3B shows that the mRNA transcripts corresponding to Bcp1 were detectable after 5 hr of in vitro culture.
Bcp1 RNA Accumulates in Both Developing Pollen and Tapetum
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Germination time ( Total RNA was isolated from anthers and/or pollen at six stages of development, either slot blotted onto a nitrocellulose membrane or fractionated on denaturing agarose gels, and transferred to nitrocellulose membrane. Slot blots and gel blots were hybridized with a radiolabeled Bcp1 probe as outlined in Methods. show that in mature or near-mature pollen the signal was also intense enough to give a general positive stain and a dark granular deposit on the sections. Figure 6A shows that the mRNAs from 2-mm buds gave a positive signal in both the tapetum and vacuolate microspores, using the biotin-labeled cDNA. No specific signa1 was observed in the anther wall tissues. A strong signal was obtained in tricellular pollen (4-mm bud, Figure 4C ; 6-mm bud, Figure 6B ). This signal appeared to be confined to the cytoplasm of the vegetative cell. To identify the protein encoded by Bcpl , antibodies were raised against two synthetic peptides according to the deduced amino acid sequence. Figure 9 shows that a 12-kD protein band was detected by both polyclonal antisera in the mature pollen extract. This polypeptide was also detected but at a reduced leve1 in the germinated pollen extract. This 12-kD band, corresponding to Bcpl , appears to represent a major pollen protein, as judged by the intensity of the corresponding band stained with Coomassie Brilliant Blue R 250 shown in Figure 9 . No protein gel blot signals were detected in other sporophytic tissues (data not shown).
DlSCUSSlON
The expression of Bcpl is tissue specific and temporally regulated during anther development in B. campestris. The gene is activated during microspore development, and expression is enhanced at the time of pollen maturation and remains high in germinating pollen. Expression of Bcpl during development conforms to the pattern of the lateexpressed pollen genes (Mascarenhas, 1990) . Albani et al. (1990 Albani et al. ( , 1991 have recently detected early expressed genes in B. napus; however, the expression of the genes decreases significantly during pollen maturation. A unique feature of Bcpl gene expression is its occurrence in the haploid pollen grains and in the diploid tapetal (C) Section of a 4-mm bud after hybridization in which a biotin reporter molecule was detected using a streptavidin-colloidal gold/silver system, showing tapetal (arrowheads) and pollen hybridization signals using combined epipolarization and phase contrast optics.
(D) Section of 6-mm bud after hybridization with digoxygenin-labeled cDNA probe and hybridization signal detected with anti-digoxygenin antibodies conjugated with alkaline phosphatase (bright-field optics). Biotin reporter molecules were detected using a streptavidin-gold/ silver-enhanced system and viewed with dark-field optics to enhance resolution. Scattered gold particles that are not over the sectioned material represent background signal. cells. In situ hybridization has shown that Bcp1 is activated in the tapetal cells in early anther development and that expression continues until tapetal dissolution. The expression of Bcp1 in the tapetum is of considerable interest. During the microspore stage, the tapetum is physiologically very active. In B. campestris at this stage, the tapetum is parietal and is responsible for the secretion into the anther cavity of proteins (Heslop-Harrison et al., 1975) and lipids (Evans et al., 1990 ) that become part of the outer wall of the pollen grain. These include the 1,3-/3-glucanase needed for dissolution of the callose special wall that surrounds the tetrad of microspores (Stieglitz and Stern, 1973) , subsequent nutrition of the microspores, and secretion of wall polymers (Knox, 1984) . The pattern of Bcp1 expression in anther cells is similar to the previously reported cytochemical reactivity of esterase in anthers of B. oleracea (Vithanage and Knox, 1976) . Esterase shows activity in both the early microspores and tapetum. One previous report of a gene expressed in both pollen and anther walls is that of anther-specific clones of tomato (Ursin et al., 1989) . LAT52 mRNA was expressed in these tissues but not in tapetal cells. In the case of Bcp1, it is not known whether the transcripts expressed in tapetal cells and microspores represent expression of the same or closely related genes.
The molecular mass of the putative polypeptide encoded by the open reading frame of the Bcp1 mRNA is approximately 12 kD. There is a strongly hydrophobic region near the N terminus. This may indicate the presence of a signal peptide, and the amino acids of this region meet the requirements of a signal sequence (Heijne, 1987) .
Antisera raised against two synthetic peptides, based on the deduced Bcp1 amino acid sequence, identified ã 12-kD protein in mature pollen. In germinated pollen, this protein is present at lower levels. This may be the result of the release of the Bcp1 protein from pollen into the germination medium. A number of proteins, including enzymatic proteins, have been reported to be released from the pollen wall during germination (Stanley and Linskens, 1965; Shayk and Kolattukudy, 1977) . For example, the cutinases of nasturtium pollen show high activity in mature pollen, but after 3 hr of in vitro germination, almost all the activity was in the germination medium (Shayk and Kolattukudy, 1977 Hydrophobicity was averaged over a window of 7 amino acids. Note the hydrophobic region at the N terminus.
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of extracellular enzymatic proteins (Knox et al., 1975) . These proteins are synthesized in the tapetum and transferred to the pollen wall late in development. Possibly, Bcp1 is in this category, or it may be a storage protein that is utilized as a nitrogen source during pollen germination. Immunobiological studies are in progress to clarify the function of Bcp1.
The fact that Bcp1 gene expression is taxonomically restricted to a single family suggests that the gene products may be involved in pollen-stigma interactions characteristic of the family Brassicaceae. These include recognition events associated with the sporophytic selfincompatibility reaction, which is well developed in this family. The protein encoded by Bcp1 is unlikely to be a common enzyme. Brown and Crouch (1990) reported that a pollen-specific clone of Oenothera hybridizes with RNA from genera in both monocot and dicot families, and from sequence homology they were able to show similarities with polygalacturonase.
Several other pollen-and anther-specific genes have been reported to show sequences homologous to various hydrolytic enzymes. These sequence similarities include two tomato anther-specific cDNA clones, LAT56 and LAT59, to pectate lyases (Wing et al., 1989 ) and a pollenspecific gene, Bp19, from B. napus to pectin esterases (Albani et al., 1991) . A search of existing data bases, using both the nucleotide and the deduced amino acid sequence of the cDNA clone Bcp1, revealed no significant homology with any known proteins. The biological function of the Bcp1-encoded protein is yet to be determined.
A homologous genomic clone has been isolated from Arabidopsis. The presence of this transcript in Arabidopsis will enable the use of this system as a genetic tool to understand further the anther-specific expression of this gene. It is of especial interest to investigate the nature of the promoter region of this gene, which may elucidate whether there are both tissue and family specificities. We are currently using the antisense RNA approach to block the synthesis of the Bcp1 polypeptide in anther tissues. We wish to down regulate the activity of this gene separately in tapetum and pollen grains. The potential exists to modify Bcp1 expression only in pollen or the tapetum and then to determine the distribution of Bcp1 products in the anther. Previously, the hypothesis has been advanced from structural studies that the pollen-coat proteins are secreted from the tapetum. Such experiments should enable a molecular hypothesis on protein transfer to the anther to be tested.
METHODS
Plant Materials
Plants of oilseed rape, Brassica campestris cv T15, were grown in a greenhouse, and mature pollen was collected and stored in liquid nitrogen until needed for RNA isolation. Anthers at different developmental stages and various sporophytic organs were collected from plants as required for isolation of total RNA. Pollen of 5. napus, 5. oleracea, wallflower (Cheiranthus cheiri), tomato (Lycopersicon esculentum), and daffodil (Narcissus sp) was collected fresh from plants growing in the University garden. Pollen of birch, corn, rye-grass, and rye was obtained as stored dry pollen from Greer Laboratories (Lenoir, NC).
lsolation of RNA and Construction of cDNA Library
Total RNA was isolated from plant tissue according to the method of Herrin and Michaels (1 984). Polyadenylated RNA was isolated by chromatography over poly(U)-Sepharose (Pharmacia). Based on A260, the total RNA preparations were found to contain 1 .O to 1.6% poly(A)' RNA. A cDNA library was constructed in XgtlO according to the manufacturer's instructions (Amersham; cDNA cloning system Xgtl0). All platings were done on Escherichia coli NM514.
Differential Screens
For the initial screening, 10,000 plaque-forming units of an amplified library were plated onto 150-mm plates. Nitrocellulose replicas were prepared from each of the plates according to standard methods (Maniatis et al., 1982) . For plaque purification, 100 to 300 plaque-forming units were plated on 90-mm plates. Hybridization probes were synthesized from poly(A)' RNA isolated from pollen and sporophytic tissues using similar reactions as described for first-strand cDNA synthesls (Amersham; cDNA synthesis system), with the exception that the unlabeled dCTP was replaced by 100 pCi of 32P-dCTP. The 40-pL reaction mixture was incubated at 42OC for 60 min, and the reaction was terminated by adding 1/1 O volume each of 0.25 M EDTA, 10% SDS, and 80 mg of herring sperm carrier DNA. The labeled cDNA was depleted of template RNA by hydrolysis with 0.25 M NaOH at 65OC for 5 min, followed by neutralization with 2 M Tris-HCI, pH 7.2. Plaque lifts were prehybridized for 4 hr at 65°C in 2 x SSPE (1 X SSPE is 0.15 M NaCI, 10 mM sodium phosphate, 1 mM EDTA, pH 7.4), 7% SDS, 0.5% Blotto, 1 YO PEG 20,000, 0.5 mg . mL-' denatured herring sperm DNA. The solution was replaced with a fresh hybridization solution containing approximately 0.5 to 1 .O X 106 cpm. mL-' labeled single-stranded cDNA and incubated at 65°C for 20 hr. Filters were washed at 65OC for 30 min each in 6 x SSC (1 x SSC is 0.15 M NaCI, 0.015 M sodium citrate), 0.1% SDS, 2 x SSC, 0.1% SDS, and twice in 0.2 x SSC, 0.1% SDS. Filters were exposed to Kodak X-Omat film overnight at -70°C.
RNA Blot Hybridiration
For RNA gel blot analysis, total RNA was denatured in 20 mM 3-(N-morpholino)-propanesulfonic acid, 50% deionized formamide, and 2.2 M formaldehyde at 65°C for 5 min, electrophoresed antisera, and the secondary antibody was 1500 goat anti-mouse horseradish peroxidase conjugate. The positive bands were visualized as described in Methods. in 1.2% agarose gel containing 2.2 M formaldehyde, and electroblotted onto nitrocellulose. The RNA slot-blot analysis was carried out by denaturing the total RNA in 20 mM 3-(N-morpholino)-propanesulfonic acid, 5 mM sodium acetate, and 1 mM EDTA at 65OC for 10 min and applying the samples onto nitrocellulose saturated with 20 x SSC fitted in the Minifold 11 Filtration Manifold (Schleicher & Schuell). Both filters were prehybridized for 2 to 6 hr at 42OC in a solution containing 50% deionized formamide, 2 x SSPE, 1% SDS, 0.5% Blotto, 10% dextran sulfate, and 0.5 mg . ml-' carrier DNA. Hybridization was carried out for 24 hr at 42OC in an identical solution containing a 0.5 to 1 .O X 1 O6 cpm.
mL-' 32P-labeled cDNA probe prepared by random oligonucleotide priming using an oligolabeling kit (Bresatec, Adelaide, Australia). The filters were washed in four changes of 2 x SSC, 0.1% SDS at 42OC for 2 hr, and then exposed to x-ray film as described previously .
Subcloning and Sequencing of DNA The X DNA was isolated from phage lysate using LambdaSorb Phage Adsorbent (Promega). The cDNA inserts digested from the Xgtl O DNA were subcloned into bacterial plasmids pGEM4-Z (Promega). The recombinant plasmid containing Bcpl was used as template DNA prepared as described in the Qiagen manual (Qiagen Inc., Chatsworth, CA) and sequenced entirely along both strands using both the T7 and Sp6 primers. Dideoxy sequencing was performed using the T7 Sequencing Kit (Pharmacia) and according to the manufacturer's instructions.
Sequence Analysis
Sequence analysis was carried out using the Melbourne data base system (MELBDBSYS), a collection of analysis programs developed at the Walter and Eliza Hall, Ludwig, and Howard Florey Institutes, University of Melbourne. This system incorporates data bases from the following sources: GenBank, EMBL, and NBRF nucleic acid libraries; NBRF PIR protein, PSDKyoto(Ooi), GBtrans, Swiss-Prot, and Doolittle protein libraries.
Analysis of Developmental Stages of Pollen
The developmental stages of Brassica microspores and pollen grains were determined by staining anther squashes with 20 pg. mL-' DNA fluorochrome 4',6-diamidino-2-phenylindole in 20% sucrose containing 0.1% Triton X-100 for 10 min in the dark (Vergne et al., 1987) . Pollen grains were viewed by incident light fluorescence microscopy using the UV filter combination. The stage of pollen development corresponded with the length of the flower bud, as previously reported (Singh et al., 1985; Evans et al., 1990) , and is as follows: 1-mm buds, meiosis complete and microspore tetrads present; 2-mm buds, microspore release from the tetrads followed by the vacuolate period, characterized by the formation of a single large vacuole in the cytoplasm of unicellular microspores; 3-mm buds, tapetum degenerates, microspore mitosis produces bicellular pollen; 4-mm buds, generative cell mitosis produces tricellular pollen; 5-mm buds, midtricellular pollen; 6-mm buds, near mature pollen grains, ovoid in shape, 28 x 35 pm.
Fixation, Embedding, and Sectioning of Anthers
The procedures for fixation and embedding of anthers were essentially as described by McFadden et al. (1988) , with minor alterations. The aqueous fixative (4% paraformaldehyde and 0.25% glutaraldehyde in 50 mM Pipes, pH 7.3) was combined with an equal volume of n-heptane; the mixture was shaken for 1 min and left to stand until the phases separated. The heptane phase was carefully transferred to another container. Anthers dissected from fresh buds were immediately fixed in the heptane phase for 10 min, followed by fixation in the aqueous fixatives (4% paraformaldehyde and 0.25% glutaraldehyde in 50 mM Pipes, pH 7.3) for 2 hr at room temperature. After fixation, anthers were washed in three changes of Pipes buffer for 30 min. The specimens were dehydrated in solutions of 10%, 30%, 50%, and 70% ethanol (30 min each), transferred to a mixture of ethanol:LR Gold (London Resin Company, England) (3:1), and rotated overnight at room temperature. Anthers were then infiltrated with a 1 :1 followed by a 1 :3 mixture of ethanol: LR Gold (3 hr each), transferred to 100% LR Gold, and again rotated overnight at room temperature. The infiltrated anthers were embedded in LR Gold in gelatin capsules and polymerized with benzoyl peroxide paste in the dark.
Semithin sections (1.5 to 2.0 pm) were cut on a Reichert Ultracut microtome with glass knives and transferred in drops of Millipore-filtered distilled water to glass slides coated with poly-L-lysine. The sections adhered to slides by placing on a warm plate (4OOC) until dry.
cDNA Probes for in Situ Hybridiration
The 500-bp EcoRl fragments from pollen-specific clone Bcpl were labeled with either digoxygenin-dUTP (Boehringer Mannheim) or biotin-dLJTP (Sigma) by random priming. The random-primed mixture was fractionated by gel filtration (Sephadex G-25 column equilibrated in 0.1 M NaCI, 1 O mM Tris HCI, pH 8.0, 1 mM EDTA) in a 1 -mL-graduated disposable pipette. The fractions were collected and ethanol precipitated. The cDNA pellet was resuspended in hybridization buffer to give a concentration of approximately 2 ng/pL.
In Situ Hybridization
Labeled probes were denatured at 95OC for 2 min and cooled on ice. Aliquots (3 to 4 pL) of the probes were dispensed onto 10-mm diameter coverslips, and the slides were inverted onto the drop of probe. Some sections were prètreated with 1 pg/mL proteinase K in 100 mM Tris, pH 7.5, 50 mM EDTA for 30 min, followed by treatment with 0.25% acetic anhydride in 0.1 M triethanolamine for 1 O min before addition of the probes. Hybridization was for 18 to 20 hr at 43OC in an atmosphere of 50% formamide in hybridization buffer. For each developmental stage, sections pretreated with 0.05 to 0.5 mg/mL RNase for 2 hr were included as a negative control; the loss of RNA was checked by incubating sections in the fluorochrome acridine orange. After hybridization, the slides were washed in 2 x SSC for 30 min, 1 X SSC for 30 min at room temperature, 0.5 x SSC for 30 min at hybridization temperature, and in 0.5 x SSC for 30 min at room temperature.
Detection of Hybridization Signal
For the digoxygenin-labeled probe, hybridization was detected by treatment with polyclonal sheep anti-digoxygenin antibody, conjugated with alkaline phosphatase according to the manufacturer's instruction (Boehringer Mannheim). The sections were examined by bright-field microscopy. Sections hybridized with the biotinylated probe were incubated in 1% gelatin for 30 min. The excess gelatin was blotted off, and hybridization was detected by incubating the sections in streptavidin-colloidal gold (1 5-nm diameter, Amersham) diluted 1:50 with PBS for 30 min at room temperature. The streptavidin-gold complex was centrifuged at 12,0009 for 1 O min before use to remove aggregates. After 3 x 5-min washes in PBS and 3 x 5-min washes in distilled water, the colloidal gold marker particles were silver enhanced for 2 x 30 min using a silver lactate developer (Pettitt and Humphris, 1991) or for 15 to 20 min with lntense 11 (Amersham). The sections were examined by bright-field and dark-field microscopy or combined epipolarization and phase contrast microscopy.
Peptide Synthesis, Antibody Production, and lmmunoblotting
Two 15-amino acid peptides (peptide 1, GTTDDDAAASPGDD; peptide 2, AVVGVTSIVGSFLFF) were synthesized by the t-butoxycarbonyl-polystyrene solid-phase procedure using an Applied Biosystems model 430 A peptide synthesizer. The assembled peptides were cleaved from the resin and the crude peptides purified by preparative reverse-phase HPLC. Peptide 1 was conjugated to Keyhole Limpet Hemocyanin (Muller, 1988) . Peptide 2 was highly insoluble and was used unconjugated. Both peptides were mixed 1:l with RlBl adjuvant system (Ribi ImmunoChem Research Inc., Hamilton, MT), and 100 pL of total volume was injected intraperitoneally into Balb/c mice at day 1 and day 15. Twenty-four days later, a booster injection was given without adjuvant; 1 O days afterward, the mice were killed and the blood was collected for analysis. Pollen extract was prepared by grinding 500 mg of pollen in 2 mL of extraction buffer (50 mM Tris-HCI, pH 8.0, 1 O mM EDTA, and 1 mM phenylmethylsulfonyl fluoride). The extract was microcentrifuged for 5 min and the supernatant was collected. In the case of germinated pollen, pollen was germinated for 2 to 3 hr in vitro in germination medium (Taylor et al., 1991) , and extract was prepared as described for pollen. Protein was quantitated, and 20 pg of protein was electrophoresed on a reducing SDS-polyacryamide gel (1 0%). After electrophoresis, the gel was electroblotted onto nitrocellulose membranes that were then incubated in 1:250 dilutions of antisera. The membranes were washed in PBS containing 0.05% Tween 20, and bound antibody was visualized by incubation with goat anti-mouse IgG-peroxidase conjugate, followed by washing in PBS/O.O5% Tween and incubation with horseradish peroxidase color development solution (Bio-Rad).
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